A dramatic increase in childhood overweight/obesity has been recognized globally over the past 50 years. This observed increase may reflect genetic, as well as psychological, environmental, and socio-cultural influences. In the first part of this review, we present an updated summary of the psychosocial factors associated with this change and discuss possible ways in which they operate. Among these factors, lower socio economic status (in both industrialized and non-industrialized countries), being female, belonging to a minority group, and being exposed to adverse life events may all be associated with a greater risk of childhood overweight/obesity. These influences may be mediated via a variety of mechanisms, in particular above-average food intake of low nutritional quality and reduction in physical activity. Other important psychosocial mediators include the influence of the family and peer environment, and exposure to the media. In the second part of the review, we discuss the potential of psychosocial prevention programs to intervene in the processes involved in the rise of childhood overweight/obesity. Two points are emphasized. First, prevention programs should be multidisciplinary, combining the knowledge of experts from different professions, and taking into consideration the important role of the family environment and relevant influential social organizations, particularly school. Second, effective change is unlikely to occur without large-scale programs carried out on a public policy level.
INTRODUCTION
There has been a dramatic global increase in childhood obesity in the past 50 years. Combating childhood overweight/obesity is one of the major public health issues facing industrialized and developing nations (1) . Extensive research and large-scale campaigns designed to reduce overweight/obesity in children and adolescents have yielded little success (2) . Therefore, considerable effort has been placed on identifying risk factors in order to target appropriate interventions. The etiology of obesity is multifaceted and complex, involving both psychosocial (3) and genetic (4) factors. Although the rapid increase in global obesity is largely influenced by psychosocial factors (3), genetic factors and geneby-environment interaction are also influential (4) . In his excellent recent review, Speakman (4) argues that there is currently no consensus as to which genetic model best explains the evolutionary context of the obesity epidemic. Still he suggests that modern genetic techniques may allow a direct estimate of whether particular genes enabling efficient storage of energy as fat, likely increasing the risk for obesity, are under recent strong selection. Alternatively, obesity might have increased in recent decades as a maladaptive by-product of positive selection on some other trait (4) .
The investigation of the psychosocial aspects of childhood overweight/obesity has been the focus of long-standing theoretical and empirical endeavors (5, 6) . Thus, the aim of this paper is to present the main psychosocial factors associated with increased risk for overweight and/or obesity in children and adolescents and to summarize the psychosocial-related strategies for prevention. The review is based on a comprehensive literature search of the MEDLINE, PUBMED, PSYCINFO, ERIC, EMBASE, and Cochrane databases carried out between 1991 and 2013 using the following terms: obesity, overweight, risk for overweight, childhood, pediatric, adolescence, youngster, age, gender, psychosocial, socio-economic status (SES), feeding, eating, diet, physical activity, adverse life events, abuse, family, peer, kindergarten, school, prevention, primary, secondary, advertisement, media, marketing, psychoeducation, and public policy.
Obesity is a well-defined term in adults but in children and adolescents its definition is less consistent (7) . The most commonly accepted definition of obesity, among individuals 2-19 years old, is that of the Center for Disease Control and Prevention, and is defined as the 95th percentile or greater of body mass index (BMI) -for age and gender. Overweight is defined as the 85th percentile or greater, but less than the 95th percentile of BMIfor age and gender. Because of the likelihood of stigmatization associated with the term "obesity," several leading authorities have suggested replacing the term obesity with overweight, defined as BMI above the 95th percentile, and "risk for overweight" as BMI between the 85th and 95th percentile for age and gender [see Ref. (8, 9) ]. Finally, an international forum of consensus development, the International Obesity Task Force (IOTF) (10) , has defined childhood overweight as a BMI of approximately the 91st percentile or above and obesity as a BMI of the 99th percentile or greater for age and gender (11, 12) .
PSYCHOSOCIAL RISK FACTORS SOCIO-ECONOMIC STATUS
Research has consistently indicated an inverse relationship between SES and obesity among adults in industrialized and non-industrialized nations (3, 13, 14) . Similarly, lower levels of education are associated with higher rates of obesity.
The findings are less clear in younger ages. Most studies in industrialized countries have indicated a similar relationship between low SES and higher levels of overweight/obesity (15) (16) (17) (18) , particularly among children of minority groups (19) (20) (21) (22) (23) . This trend is also the case in most (17, 24, 25) although not all (26) studies assessing other less affluent populations.
Still, other studies suggest that among children of higher SES, overweight and obesity are directly related to the number of hours that mothers spent working outside the home (23, 27) , likely interfering with their children's access to healthy foods and physical activity. Finally, other studies have found no association between childhood overweight/obesity and SES (13) .
In most studies among developing nations (23, 28, 29) , the elevated risk of overweight/obesity in children of lower SES status mirrors adult findings. Several factors have been suggested to account for this finding. First and foremost, the rise in the rate of childhood overweight/obesity is most prevalent in cultures considered to be in transition (14) , i.e., experiencing considerable changes within a relatively brief period of time, as is the case with many other physical and emotional disorders (30) . Elevated rates of childhood overweight/obesity in developing countries and less affluent populations in industrialized countries have been associated with an inclination toward overfeeding of children or limitation of feeding (21, (31) (32) (33) , above-average levels of dietary intake of low nutritional quality (31, 32, 34) and high-fat high-calorie foods and beverages (21, 32, 34) , inadequate physical activity, and a greater amount of time spent in sedentary behaviors (25, 34) , as well as with decreased consumption of vegetables (21, 25, (31) (32) (33) (34) (35) (36) . Impoverished environments with limited availability of healthful foods, higher than average availability of fast-food restaurants, and exposure to ethnically targeted food marketing (35) may all contribute to higher overweight/obesity among children (24, 37) .
From a different perspective, low-income mothers of overweight pre-school children may use food to cope with the stresses of their economic situation, have difficulty setting their children limits regarding food, and are less committed to sustained behavioral change than high-income mothers (38) . Moreover, food may be used in impoverished surroundings to meet emotional needs in childhood, directing overeating to become a generalized response to negative emotional states in later years (39) . As a result, experiences of poverty-associated food deprivation during childhood may motivate some women to actively avoid food insecurity in adulthood, both with respect to themselves and their children (39) . This association between childhood food insecurity and increased risk for overweight remains significant after controlling for ethnicity, gender, age, and family poverty level (24) .
According to a 2006 review (40) , at least 30% of the calories in the average diet of an American child derive from sweets, soft drinks, salty snacks, and fast food. Soft drinks account for more than 10% of the caloric intake, representing a doubling since 1980. One large-scale study in Canada found that children report preference for portions of French fries, meat, and potato chips that are larger, and for vegetable portions that are smaller, than what is recommended. Children from socio-economically disadvantaged families, or those who frequently eat while watching television and in fast-food restaurants, prefer larger portions of French fries and potato chips. Consequences of consuming large portions of these foods have been found to include poor diet quality and increased energy intake, whereas the opposite findings are shown when consuming large portions of vegetables (32) . Although most of these findings have been documented in industrialized nations, similar trends have been observed also in less industrialized countries (20, 21) .
In addition to SES, age, gender, and cultural background are considered as particularly influential in the recent dramatic rise in childhood overweight/obesity. These factors have been shown to be particularly relevant in very young children, as young as two years old (41), females (25) and minority groups (22, 41) . For example, African-American female adolescents are at greater risk for becoming overweight and obese compared to AfricanAmerican male adolescents (42) , and other minority groups (19, 22, 41) . This female/male disparity in the prevalence of obesity in young African-Americans has been found primarily in families with low levels of parental education (42) . Moreover, childhood psychosocial factors are better predictors of overweight/obesity in later life among females than males (43) .
ADVERSE LIFE EVENTS
Other psychosocial factors may also be relevant to the increase in childhood overweight/obesity. These include lack of social networks, social isolation and marginalization (9, 36) , single parent families, parental unemployment (42), child neglect (44), domestic violence (45) , early sexual harassment and abuse (46) (47) (48) (49) (50) , and parental psychopathology (15, 21, 43, (51) (52) (53) .
Several processes may mediate the association between earlylife trauma and overweight. These include greater rates of skipping meals to lose weight, problematic eating-related preoccupations and behaviors, greater use of food in response to stress, and reduced physical activity (15, 45, 46) . Furthermore, greater levels of depression (49, 54) and hypothalamic-pituitary-adrenal axis dysregulation (49) , both considered to increase the risk for overweight/obesity, are found in girls with a history of childhood abuse in comparison to controls. Interestingly, severity of early childhood trauma remains a significant predictor of later overweight/obesity even when controlling for the influence of minority status (49) and of trauma-related psychiatric comorbidity (50) .
MEDIA EXPOSURE AND FOOD ADVERTISING
Children in the US and other industrialized countries are exposed to the media for an average of 3-5 h per day, which is greater than any other daily activity, except for sleeping (55) (56) (57) , far exceeding Frontiers in Public Health | Child Health and Human Development the television-viewing recommendations of less than 2 h per day (25, 58) . Additionally, the prevalence (56, 57) and severity of overweight (55) has been directly related to the amount of time spent watching television (25) . Children's television-viewing patterns are strongly associated with those of their parents (59) . Several mechanisms may be involved in the association of media exposure with overweight/obesity (55, 56, 60) , this association being of greater relevance in girls. These mechanisms include media viewing replacing time spent in physical activity (15) ; exposure to advertisements encouraging unhealthy food choices; use of popular characters to promote high-calorie foods; excessive eating while viewing television (primarily of energy-dense snacks that may promote weight gain); and exposure to distorted messages regarding the way to achieve an ideal weight (61, 62) . Interestingly, some studies have shown that the effect of television-viewing time on childhood overweight/obesity may be independent of the associated decrease in physical activity, being attributed solely to the increased total energy intake during television watching (56) .
Another significant contributor to the association between media exposure and childhood overweight/obesity relates to the excessive exposure to marketing and advertisements of unhealthy foods targeted toward children (63) . Food marketing to children is a massive global industry, transmitted via a variety of media outlets including television, placements in toys, games, songs, movies, celebrity endorsements, cellular-telephone text and messages, and the Internet (40, 64) . The conclusions of a large-scale review (40) , analyzing the results of 123 studies addressing the issue of food marking and childhood overweight/obesity in USA, support the likelihood of a link among food marketing, children's food preferences and food consumption, and weight. Since 1994, U.S. companies have introduced over 600 new food products for children, half of them being candy or gum like items, and another 25% other types of sugary or salty snacks. Only a quarter are healthier items, such as baby foods, bread products, and bottled waters (40) . Fast-food restaurants, candy, cereal, snacks, and soft drinks are the food products most commonly advertised on popular children's Web sites and in television (64) (65) (66) . These products are also abundantly available around the vicinity of primary schools (63) . Many food-related advertisements have been found to use the term "super-charged"or a similar adjective to describe the powerful taste or other physical properties of unhealthy and usually high calorie foods. By contrast, statements or depictions that a food product is healthy or nutritious are infrequent in commercials (67) .
Media exposure and food-related marketing have consistently been shown to have negative effects for children in general (65, 68, 69) , but are particularly deleterious in children who are already overweight or obese (69, 70) , as well as younger children (71) . Specifically, overweight children may show greater responsiveness to food branding, likely being at greater risk when exposed to messages that are highly inundated with food-related contents (35) . Moreover, exposure to food advertisements may produce a substantial increase in energy intake among children, this is evident in the increase in the amount of food intake (in particular intake of high-fat snacks) following exposure to food-related commercials (69) . Still, the greatest increase in consumption of calorie-dense snacks in these conditions is found in obese children. In addition, overweight and obese children show greater preference for energy-dense foods in comparison to normal weight children (60) .
It is noteworthy that whereas many studies highlight the detrimental influence of advertisements on food-related habits of children, Kopelman et al. (72) have shown that although 9-11-year-old children do demonstrate high brand logo recognition abilities, these are not associated with unfavorable eating behaviors, food knowledge, or food preferences. Still, this study has not controlled for the participants' BMI, shown elsewhere to be associated with sensitivity to food advertising. Moreover, low SES has been found in this study to represent the most influential contributor to poor food choices among children in this study. Accordingly, further research is required to further elucidate the influence of exposure to media in general and to food advertising in particular on children's eating behaviors and weight.
PARENTAL ATTITUDES AND BEHAVIORS
One of the major psychosocial contributors to childhood overweight/obesity is the food-related family environment. In particular, parental attitudes and behaviors play a critical role in the development, maintenance, and prevention of childhood overweight/obesity. Moreover, one of the most important predictive factors of childhood overweight/obesity is parental (primarily maternal) overweight. This has been found in both industrialized (21, 34) and non-industrialized (28, 29, 73) countries.
Parental feeding strategies
Another major factor associated with childhood overweight/obesity relates to parental feeding strategies, first and foremost the inclination of parents to control and restrict food from their overweight children. While this practice is highly common, it is particularly harmful in increasing the risk of later overweight/obesity (21, (74) (75) (76) . This is associated with the likelihood of restrictive approaches to feeding to interfere with satiety cues and with the natural ability of children to control and regulate their food intake. Restriction also may increase the risk for opportunistic snacking, preference of unhealthy food, and dysregulated eating in the absence of hunger. This, in turn, may unfavorably affect the capacity of children to consume moderate amounts of food once restriction is no longer present (74, 77, 78) , thus increasing the risk for later overweight/obesity (79, 80) . Indeed, highly directive restrictive strategies have been consistently associated with higher weight status (81, 82) . The occurrence of restrictive feeding patterns is likely the result of a bidirectional relationship between children's weight and parental response. Accordingly, parents are more likely to restrict food from overweight/obese children, which in turn increases their risk of weight gain, further exacerbating this vicious cycle (83) .
An alternative strategy associated with increased risk of overweight/obesity relates to parental pressure to eat (33, 84, 85) . Up to 30% parents may mistakenly assume that their normal weight children are eating too little despite appropriate food consumption (86) . Similarly, mothers may have a particularly difficult time withholding food when a child claims to be hungry, despite having eaten. Providing ample nourishment is often conceived as an important and emotionally rewarding aspect of parenting, likely being difficult to relinquish (86) .
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From a different perspective, several prospective longitudinal studies have assessed the influence of different parenting styles, authoritarian (high demandingness/low responsiveness), authoritative (high demandingness/high responsiveness), indulgent (low demandingness/high responsiveness), and uninvolved (low demandingness/low responsiveness) on eating behaviors and weight. These studies have consistently shown that the authoritative parenting style has the most beneficial effect on children's eating behaviors and weight (78, (87) (88) (89) . In the feeding domain, authoritative parents encourage eating by using predominantly non-directive and supportive behaviors, including reasoning and complimenting. Most importantly, authoritative parenting style allows children to have control over their food choice. It nevertheless implies that although parents tend not to restrict available food, they do control the availability of food at home. This strategy has been found to maximize the consumption of healthy food and to minimize the consumption of unhealthy food (76, 84) . Parental feeding styles have been associated with their educational level. For example, mothers with higher education may exert significantly greater control over their child's feeding, and tend to be significantly less emotionally reactive while feeding their children than mothers with lower education levels (90, 91) .
SLEEP DEPRIVATION
Recent widespread changes in the sleep pattern of children and adolescent may also play a significant role in the recent increase of pediatric obesity (92) (93) (94) . Curtailment of sleep duration has become a widespread habit and a hallmark of modern society. According to the annual surveys conducted by the American Sleep Foundation, only 20% of adolescents get the optimal amount of sleep they need (94) . Recent physiological evidence has shown a link between lack of sleep and the development of obesity (95) . In general, decreased sleep leads to fatigue, negative mood, and overall psychological distress, potentially altering or dysregulating eating patterns.
Several mechanisms may play a role in the recent decrease in sleep quality and its impact on the eating patterns of children and adolescents. First, greater access to media and video games interfering with sleep time may lead to increased food consumption in an effort to increase alertness. Second, there is a tendency to snack simultaneously while engaging in media exposure activities (96) . Third, the difficulties of parents in setting limits and good sleep habits for their children can also have an impact on the quality and amount of sleep. One of the most significant factors relating to sleep patterns in adolescence is the extent to which parents supervise bedtime schedules. Thus, as adolescents mature, their parents become less involved in bedtime decisions (97, 98) . Adolescents tend to sleep more at night over the weekends, based on the premise that they can make up for lost sleep time during the week. However, this premise is considered only partially correct, and research has shown that there is no satisfactory compensation for the sleep deprivation experienced during the week.
Increased environmental expectations and pressures stemming from academic demands, social and sport activities, part-time employment, and preoccupation with the internet, television, and cell phone may also lead to reduced sleep and the resulting changes in eating patterns. Still, some after-school activities may influence sleep patterns more than others. For example, whereas homework only partially involves later bedtime, extracurricular activities, especially sports, have a more detrimental impact. In addition, part-time employment after school likewise increases sleep deficiency among those who work more than 19 h a week (97, 99) .
Another factor affecting sleep deficiency during the weekdays is the early start time of school. A recent study conducted in Israel (99, 100) has shown that delaying the opening of school by 1 h (from 7:30 to 8:30) results in 51 more minutes of sleep time without influencing sleep onset time. Similar findings have been found in studies conducted in the United States (101) .
To summarize, many children and adolescents do not achieve sleep time that is sufficient according to accepted guidelines. As a result of insufficient sleep, children and adolescents may suffer from mood, attention, academic, and memory deficits as well as from alterations in eating patterns, including greater risk of overweight/obesity. Because of the health implications associated with insufficient sleep in children and adolescents, improving sleep quality is the responsibility of parents, educators, sports coachers, older children, and adolescents themselves. Parents must exert some level of control over their adolescents' daily and evening schedules, even at the cost of interfering with age-appropriate independence, to ensure that they have sufficient opportunity for adequate sleep. Educators must strive toward appropriate school starting time and moderate homework loads. In addition, the scheduling of extracurricular activities, particularly sports, should promote, rather than detract from adequate sleep (102) .
INTERVENTION PROGRAMS
The recent increase in childhood overweight/obesity places a significant burden on physical, psychological, and social health. It is therefore essential to alter those environmental and behavioral factors that may potentially increase the risk of childhood overweight/obesity, while simultaneously increasing those factors potentially protecting against it (103) . Interventions for childhood overweight/obesity generally aim to modify lifestyle behaviors such as food intake and physical activity. Despite great efforts to alter these behavioral factors, most interventions have been found ineffective (104, 105) .
A variety of factors may account for these negative results. First, interventions that target only children and do not involve parents or the larger family structure are not likely to be successful (34, 106) . Involving parents in the attempt to prevent or reduce childhood overweight is of vital importance (107), as they are the primary figures in adjusting their children's food and activity environments (34) . Accordingly, the manner in which parents feel and act with respect to eating, food consumption, and physical activity may have an important role in shaping similar perceptions and behaviors in their children (84, 108, 109) . In addition, overweight/obese children often feel that initiation of a behavioral change requires the active intervention of a role model, primarily a parent, whereas delayed parental recognition with respect to the necessity of behavioral change may interfere with action taking (110) . Indeed, between 30 and 50% of parents of overweight and obese children do not attempt to change their child's eating habits and weight (111) (112) (113) . Furthermore, parents of 4-11-year-old obese children have been found to exhibit lower levels of parenting self-efficacy in comparison to parents of normal weight children (114) , highlighting the even greater necessity of involving them in the interventions. This may also be the case in older overweight/obese children, as their parents may feel incompetent in their ability to change the eating-related behaviors of their children and to serve as role models (115) .
Second, programs targeted at overweight/obese children often focus solely on weight reduction with little emphasis on psychosocial influences such as media or peer pressure (116) . Third, programs often fail to address the manner in which overweight children perceive their own weight. Although accurate awareness of one's overweight may decrease self-esteem, accurately perceiving oneself as overweight/obese may increase the motivation for changing maladaptive lifestyle behaviors (105) . This is of particular relevance as overweight and obese youth are more likely to misperceive their weight compared with their normal weight peers (105) .
FAMILIAL INVOLVEMENT

Primary prevention
The entire family should be involved in both primary prevention programs as well as in interventions targeted at children who are already overweight or obese. Primary prevention programs attempt to promote healthy eating and weight-related behaviors and to increase physical activity in younger individuals at large. This can be done in focus groups that include only parents, or both parents and children (107) . Drawing definite conclusions about the efficacy of such primary prevention programs or the factors affecting it is currently still limited; this because they have usually involved only a relatively small number of families, and had no long-term follow-up assessments (107) . Moreover, McGarvey et al. (117) suggest that whereas the combination of psychoeducation with behaviorally targeted changes may affect the attitudes and behaviors of parents, the effect of these parental changes on the behavior of the overweight child is limited. By contrast, others (118) conclude that despite the great variability in the design, duration, and outcome assessments of primary prevention studies carried out in the 1990s, these programs may have the potential to reduce the rate of overweight in some populations.
In a more recent randomized controlled trial (RCT) involving the entire family, Fulkerson et al. (119) examined the feasibility of a pilot parent/child overweight/obesity prevention program. The program included five sessions consisting of interactive nutrition education, taste testing, cooking skill building, parent discussion groups, and hands-on meal preparation. Although significant favorable differences have been found in comparison to control families at post-intervention with respect to healthy food choice, many of these changes have not been maintained at 6 months follow-up, and no differences in weight reduction have been found in research vs. control children.
Most researchers agree that creating a more positive environment surrounding food has to involve the entire family (33) . Neumark-Sztainer (109) emphasizes that parents are often confused with respect to the types of messages they should send, or not send, to their children regarding eating and weight. She outlines several strategies for parents to deal with potentially harmful eating-related societal pressures and to decrease their child's risk for becoming overweight. The first strategy involves modeling health behaviors, emphasizing that parents should model behaviors they wish their children to emulate, particularly engaging in healthy eating of a variety of foods and exercising at an appropriate level. Additionally, parents should refrain from behaviors and comments encouraging unhealthy eatingor weight-related behaviors such as dieting or excessive exercising. The second strategy suggests that parents should provide an environment that makes it easy for their children to make healthy choices. Thus, instead of trying to restrict and control their child's dietary intake, parents should provide a home environment that includes an abundance of fruits and vegetables, encourages family meals, and has a minimal number of televisions (109). Others (120) have suggested increasing children's water consumption as a part of a healthy eating environment. The third strategy involves the promotion of adaptive attitudes and behaviors rather than focusing on weight. It encourages parents to assist their children in developing an identity that goes beyond physical appearance to non-appearance-related traits and accomplishments, and to moderate their interest and preoccupation with weight and dieting. The fourth strategy aims to provide a safe base in a weight-obsessed environment, teaching parents how to support their children when being teased outside home about their weight.
Secondary interventions
Interventions designed to target children who are already overweight/obese are also found to be more effective when involving parents. RCTs performed by Epstein et al. (121) provide evidence that behaviorally oriented treatment programs targeted to reinforce a change in eating behaviors and weight loss in both the parents and their overweight child show better results after a follow-up period of 10 years when compared to treatments focusing solely on changing the child's eating behaviors and weight. Similarly, Golan et al., conducting several RCTs involving both parents and children (122) (123) (124) , or parents only (124, 125) , have concluded that both programs are more effective than targeting children. Still, involving only the parents with a family healthcentered approach has been associated with greater weight loss and higher consumption of healthy foods in overweight children compared to treatment strategies involving both parents and children. Thus, involving the parents, either exclusively or with their children, has shown overall beneficial long-term results not only for the overweight child but also for the entire family, both with respect to their eating-and weight-related behaviors and their overall functioning (2) .
In addition, parents may play a critical role in the modification of behaviors surrounding media consumption. It has been noted that greater television and other media exposure in children is directly related to overweight/obesity. Therefore, parents have a role in altering their children's media viewing habits and, in turn, their sedentary-related behaviors. Some cross-sectional (57) and prospective longitudinal studies (126) have shown that parents of young children have the ability to reduce their snacking while watching television, to close the television when no one is watching, and to take the television out of the child's www.frontiersin.org room, although actual television consumption time may not be significantly reduced. While these findings may seem promising, most studies have not included long-term follow-up, and their effect on eating-related behavioral change and weight reduction in overweight children is limited at the present stage.
PHYSICAL ACTIVITY INTERVENTIONS
Promotion of healthy physical activity is an integral part of any program aiming toward the reduction of childhood overweight/obesity (127) . Research has repeatedly shown that being inactive or minimally active during childhood and adolescence, as opposed to performing adequate activity during these critical developmental periods, may considerably increase the risk of developing overweight/obesity not only in childhood but also in later life. In addition, greater frequency of physical activity also appears to be related to improved mental health status in overweight/obese children (127) .
The results of studies assessing the efficacy of interventions aimed at increasing physical activity are not consistent. Some studies have shown that increasing children's activity does reduce weight gain (128) . An RCT involving parents and children in a weekly 2-h fun physical activity over a 2-month period, has found significant improvement in children's waist circumference, BMI, body composition, physical activity level, sedentary activities, cardiovascular fitness, and self-esteem in comparison to a control waiting-list group both at post-intervention and at a 12-month follow-up (129) . Similarly, engaging siblings (130), peers (131) , and the entire family (132) in physical activity, combined with parental support and modeling, may have a significant beneficial effect on the physical activity of overweight children, and on their BMI.
By contrast, an RCT showed no change in BMI following a physical activity intervention in Scottish pre-school children at 6-and 12-month follow-up despite increasing the children's physical activity levels (133) . Methodological considerations, including the amount and quality of the physical activity introduced and/or the training methods and outcome measures used, may account for these inconsistencies (134) . Specifically, not only weight loss but also maintenance of weight should be considered a positive outcome.
SCHOOL-BASED PREVENTION PROGRAMS
Peer influence and the entire school environment are major contributing factors to the development of food, physical activity, and health-related preoccupations and behaviors among the students. Indeed, numerous school-based interventions have been planned to intervene in the influence of these factors on childhood overweight/obesity. Still, the efficacy of these programs remains inconsistent.
Several interventions, mostly (135) (136) (137) (138) but not all (139, 140) , assessed by controlled designs have aimed to improve the food environment at school. These include nutrition and education (137) , the delivery of frequent and systemized positive messages about eating healthful food and modeling fruit and vegetable consumption (135, 138) , changing the types of foods sold and served at school according to accepted guidelines (136) (137) (138) (139) (140) (141) , reducing the amount of consumption of carbonated drinks (139) , promoting healthy physical activity at school (127, 136, 138, 141) and healthy social marketing (137) , and parent outreach (137, 138) . These changes have yielded a positive impact not only on children's knowledge and attitudes toward exercise and healthy eating but also on their eating behaviors, weight status, overall lifestyle, and mental health. An additional approach, "edutainment" -combining the active participation of youngsters and popular celebrities in a musical (active entertainment) with a lifestyle change workshop (education) initiated in Israel, has shown an improvement in the participants' physical activity, eating patterns, and attitudes toward dieting (142) .
Conversely, other studies have shown that school-based overweight/obesity prevention programs have not altered school nutrition and physical activity (25, 134, (143) (144) (145) , specifically if applied in rural areas with lower SES (145) . A comprehensive review article associates these negative findings, at least in part, with the lack of assessment of eating disorders and other psychiatric disorders in most of these studies, and with inadequacy of the measurements used to assess change in overall well-being, functioning, and other relevant psychological variables (146) .
Cole et al. (104) reviewed school-based interventions found to be effective in reducing BMI in overweight children between the ages of 4 and 14 to better understand the factors associated with these positive findings. They concluded that effective school-based interventions should use a combination of multiple treatment modalities incorporating elements based on social cognitive and motivational factors. These include focusing on readiness for change, self-evaluation and self-monitoring, peer support, observational learning, appropriate social setting (the class), and accepted modeling figures (teachers, school nurses, and other familiar facilitators).
Many states in the US have implemented regular screening of overweight/obesity, by measuring weight and height in schools. The rationale underlying this strategy is that sharing weight status information could increase parental awareness of the child's weight, and motivate them to take appropriate actions to address potential weight problem (147) . The efficacy of such programs is still a matter of debate. Moreover, the implementation of such programs raises serious concern over their potential hazards. Eating disorders experts are particularly concerned about the potential of such screenings to induce disordered eating-and weight-related preoccupations and behaviors in vulnerable individuals. Another focus of concern relates to their possible unfavorable influence on the well-being of the overweight/obese child at school. Thus, whereas the majority of middle school students do not report discomfort with school-based weight screening, more than a third of overweight students are uncomfortable with it (147) . Similarly, parents of overweight/obese children may be less likely to be supportive (148) of school-based screenings compared to parents of children of a healthy weight (149) , who are also not always in favor of them (150) .
While most school-based interventions target food and physical activity environment, they often fail to address weight-related teasing and stigma, which has shown to be associated with increased overweight and overall psychological distress (9, 151, 152) . This is even of more concern because although providing external explanation for overweight/obesity at school can change children's Frontiers in Public Health | Child Health and Human Development cognitions about obesity, it is less likely to improve their overall negative attitudes (9) .
OTHER INTERVENTIONS
A recent RCT (153) assessed the efficacy of adding a newly developed computerized device, the Mandometer, to a standardized life style modification program vs. the use of this program alone in 106 newly referred young obese people aged 9-17. The aim of this device is to provide real-time feedback during meal time to slow down the speed of eating, hence inducing greater satiety responsiveness, and to reduce total food intake. Participants using this device have shown significantly lower meal size at the end of treatment, leading in turn to significantly lower BMI standard deviation scores (SDS) and lower mean body fat in comparison to the control condition. The post-treatment reduction in portion size has not been associated with a significant change in perceived satiety at the end of meal compared with the satiety levels at study entry, indicating that the participants have felt as full while consuming less food. The reduction in BMI SDS has been maintained 6 months after the end of treatment. The authors further suggest that although it is unlikely that a specific eating pattern is typical for all obese individuals, this method may be specifically tailored for young people eating large portions very fast. The weakening of the effect of reduced portion size during treatment suggests that intermittent short periods of retraining may be necessary to maintain maximum benefit.
INTERVENTION AT THE PUBLIC POLICY LEVEL
The interventions reviewed above suggest that programs aiming to prevent, or at least reduce, the ongoing rise in childhood overweight/obesity should be multi-faceted and focus on both the family and the social environment of the overweight/obese child (34) . Still, interventions at the local level are likely not sufficient, calling for the implementation of large-scale interventions on public policy level (64, 71, 154) . Such interventions should be multimodal, focusing on several factors: the influence of the media on the child and the family, the overall reduction in physical activity and increase in sedentary activities in current Western societies, the availability of unhealthy snacks and soft drinks in school and at home, the change in portion sizes in restaurants, and the increase in marketing of food products with a high-fat content.
Along these lines, Schwartz and Brownell (155) suggest that public policy prevention programs should relate to pediatric overweight/obesity as a consequence of a "toxic environment" rather than as the result of the population failing to take enough"personal responsibility." Thus, in order to make progress in reducing the incidence of childhood overweight/obesity, policy makers should change the view of overweight/obesity from the medical model (which focuses on the individual) to a public health model (which focuses on the population at large). Furthermore, these programs should be aimed for young children, because in this age interventions are most likely to successfully modify risk factors for later overweight/obesity, including the food environment at home and at school, decreased physical activity and greater sedentary activity, peer teasing, and the influence of food advertisements and marketing (156, 157) .
Based on prospective longitudinal exploratory research, the American Academy of Pediatrics suggests the following recommendations for action on a policy level: regulation of food advertisements targeted at children; expanding public education to promote healthy eating and exercise; introducing healthy food at school meals; incorporating messages about healthy lifestyles into television programing scripts; reducing exposure of children to the media, while at the same time promoting media literacy; implementing multiple treatment modalities in school-based interventions addressing childhood overweight; and encouraging pediatricians and other health professionals to assess media exposure when treating children and families (58) . It is further recommended that children should participate in a minimum of 30-90 (mean 60) min of physical activity daily and spend no more than 2 h a day using electronic media for entertainment (25, 59, 158) .
Another area requiring regulation at the public policy level is related to food marketing aimed at children, as it has been shown to impact unhealthy food choices (71, 159) . Specifically, research suggests that restrictions at the public policy level may be particularly effective for this purpose (160) . Currently, more than 50 countries around the globe have implemented laws that regulate television food advertising aimed at children (159) . In addition, marketingrelated regulatory codes have been advanced in recent years by the IOTF (10) and the United Nations System Standing Committee on Nutrition (161) . It is recommended that actions to reduce food marketing to children be mandatory, guarantee commercial-free childhood settings, and include all forms of media (71, 159) . These actions should further be evaluated, monitored, and enforced on a routine basis (71) . Future research should focus on the impact of these regulations on food and activity choices among children and families.
An additional area requiring interventions on a public policy level is the providing of resources, guidelines, and psychoeducational training about childhood overweight/obesity to health care providers. This is because primary healthcare providers may often lack adequate knowledge, and/or harbor prejudicial attitudes toward pediatric overweight/obesity (162) (163) (164) (165) (166) . For example, general practitioners and practice nurses may feel that overweight/obesity in children is a familial or social but not a medical problem (167) . Additionally, trained personnel often feel lack of comfort, practice, and confidence when faced with issues related to childhood overweight/obesity (163) . As a result, primary health care providers may refrain from addressing vital obesity-related issues, particularly the child's activity level and television-viewing habits (168) . Further, in some cases, even the child's BMI is not routinely measured (162, 169) . In other studies, over 35% of primary care providers have never discussed fast food, television, or candy use with parents of overweight/obese children, and 55% have never discussed exercise (164) . Finally, health care professionals are less likely to accurately assess history and risk factors related to overweight/obesity in pre-school age children in comparison to adolescents (168) .
Still, in other studies, primary care providers have been found to have adequate knowledge about factors influencing the risk of overweight and obesity in children, but have nevertheless often felt that many barriers may preclude adequate interventions (170) . Thus, in the opinion of many health care providers, providing diet www.frontiersin.org and exercise advice may not have adequate impact on a child's weight (167) because of the low compliance of parents and children (163, 170) . Still, the low rates of success in the attempts of health care providers to intervene with overweight/obesity, may actually be related to the limited training and knowledge of professionals regarding the way in which to communicate with parents and children about these issues (167, 171) . Other likely barriers for adequate interventions include culturally related issues and time constraints (167) .
It is thus of immediate relevance to initiate programs designed to improve the knowledge, attitudes, sense of self-efficacy, and commitment of primary caretakers treating overweight/obese children (162) (163) (164) 172) . Research indicates that providing adequate training to health care practitioners does enhance their knowledge and communication skills (173) and increases their sense of self-efficacy (166) . Supporting these findings, it has been shown that overweight/obese children whose parents and primary caretakers received training in motivational interviewing techniques had a greater reduction in their BMI in comparison to control participants (155) .
Interestingly, school and kindergarten staff may possess more positive attitudes toward childhood obesity than primary health care providers. For example, in one study, kindergarten teachers were both aware of and concerned about overweight/obesity among children, felt that encouraging healthy eating and active play were part of their core responsibilities, and worked closely with parents. They further identified a range of helpful educational resources and professional development opportunities to deter parents from sending unhealthy foods to school with their child, and to assist them in deciding whether (and how) to discuss their concerns about a child's weight with the parents (174) .
CONCLUSIONS, LIMITATIONS, RECOMMENDATIONS, AND FUTURE DIRECTIONS
A dramatic rise in childhood overweight/obesity has been shown in recent decades to occur in both industrialized and nonindustrialized countries. This increase has been most pronounced in nations that are in transition from more traditional to more industrialized lifestyles (175) .
Genetic as well as psychological, environmental, and sociocultural factors are thought to account for this rise. This paper has set its aim to review the role that gender, SES, cultural and familial background, social isolation, media exposure, changes in food preferences, and reduction in physical activity may play in the recent increase in the rates of childhood overweight/obesity. For this aim, we conducted an extensive comprehensive literature search about the psychosocial factors likely influencing the development and maintenance of overweight and obesity in children and adolescents and about potential primary prevention programs and secondary interventions.
Several limitations of this review should be addressed. First, we included in our review not only findings of RCTs or controlled designs but also of open studies. This was done in an attempt to provide a more clinically oriented review to broaden the knowledge and understanding of professionals in an area that may suffer from lack of adequate knowledge and prejudicial attitudes, and to create a place for discussion, rather than providing only evidence-based recommendations and tools. Second, similar to many other studies in this field, we were not always able to distinguish between findings and recommendations related to overweight vs. obesity. The specific time frame of this review, from 1991 onward, is in keeping with our previous review on psychological perspectives of childhood overweight and obesity (176) .
To conclude, it is critically important to consider psychosocial factors in the prevention and/or reduction of childhood overweight/obesity. Findings from prevention studies emphasize two important points. First, prevention programs should be multidisciplinary; combining the knowledge of experts from different professions, taking into consideration the important role of the family environment (122) and relevant influential social organizations, with a particular emphasis on the child's school environment (103) . Second, effective change is unlikely without large-scale programs carried out on a public policy level (154) .
Furthermore, in line with the findings emphasized in this review, prevention programs should take into consideration the developmental stage of the child and his/her capacity for change, his/her personality structure and psychopathology, the SES, and the functioning of the family system, as well as issues related to ethnicity and cultural background to potentially increase their efficacy. Interventions should be developed and piloted in consultation with the target community, in particular in the case of ethnic minorities, to improve acceptability and compliance (43, 157, 177) . It has increasingly been acknowledged that individual behaviors and lifestyles factors, such as food choices or child-feeding practices, are responsive to the socio-cultural and ecological contexts in which they are practiced (37) . For that purpose, programs should utilize appropriate settings such as the child's home, post-natal clinics, day care centers, schools, community centers, and places of worship, to provide an opportunity for the involvement of family members and other significant figures (177) . They should promote and implement changes in lifestyle, eating behaviors, physical activity, and media literacy. Specifically, multidisciplinary programs combining experts of different professions, advocating health promotion approaches, and communicating research findings to policymakers may be a promising population-based initiative to prevent, or at least reduce, the risk of childhood overweight/obesity (154, 157, 177, 178) Finally, further recommendations for the prevention and/or reduction of childhood overweight/obesity at the public policy level rand for future research relate to: 1. Provision of education to primary health care professionals about childhood and adolescent overweight/obesity to increase uniformity of assessment and to improve caretakers' knowledge, awareness, overall attitudes, and sense of self-efficacy in managing these problems. 2. Inclusion of health promotion and media literacy programs in schools' curricula. 3. Regulation of food/physical activity advertisements targeted at children. 4. Expanding public education and environmental changes to promote healthy eating and increased physical activity, and to reduce sedentary behaviors. Emphasis should be placed on physical activity also outside of school (179), and on provision of resources focused on increasing the availability of neighborhood outdoor space (127, 180) . 5. Promotion at the public policy level of legal, legislative, and industry-based activities to better regulate the food provided to young people at school and other institutions. 6 . Preventive interventions at the public policy level should coordinate all parties involved, including the children, their families, schools, primary care professionals, government agencies, industry, and media. 7. Emphasize the role of parents on all levels of designing prevention programs.
